The poly(vinyl alcohol)/silica nano-composities hybrid membranes were prepared by co-hydrolysis and co-condensation of γ-glycidyloxypropyl trimethoxysilane (GPTMS) and tetraethoxysilane (TEOS) in poly(vinyl alcohol)(PVA) aqueous solution. The mechanical properties of hybrid membranes was studied, the result indicated that the well dispersion of nanoparticles was beneficial to the enhancement of the mechanical properties, and GPTMS could increase the miscibility of the polymer and SiO 2 . The membranes were characterized by scanning eletron microscopy (SEM) equipped with energy dispersive X-ray spectrometry (EDS), 29 Si CP/MAS solid-state nuclear magnatic resonance (NMR). The EDS of poly(vinyl alcohol)/silica nano-composities showed that Si element had been grafted onto the chain of PVA. The
Introduction
Organic-inorganic hybrid composites have attracted considerable attention recently because of their distinctive physical and chemical properties [1] [2] [3] . The hybrid composites inherit characteristics such as flexibility, easy processability, and lightweight from the organic components, whereas properties such as strength, dimensional stability, chemical inertness, and thermal stability are best owed to them from the inorganic scaffolds. The obvious property of hybrid materials is that they can be specially tailored to give desirable properties or to suppress undesirable ones for wide-ranging applications.
Poly(vinyl alcohol)(PVA) is a low cost hydrophilic polymer, and shows potential application as hydrogel, polyeletrolytes, optical materials, and biomaterials. [4] [5] [6] A large number of research groups have reported on the fabrication of organicinorganic hybrid membranes containing inorganic oxides SiO 2 , which has contributed to the improvement of chemical and mechanical properties. In most cases, inorganic oxides were added into the polymer matrix using a sol-gel process from inorganic precursors [7] [8] [9] [10] . As we all know that the homogeneous distribution of inorganic oxides in the resulting organic-inorganic hybrid membranes can increase the mechanical properties, however the interaction of polymer and inorganic nanoparticles also plays a great role in the increase of the properties of the hybrid materials.
In this study, PVA-GPTMS/TEOS hybrid membranes were prepared by coincorporating GPTMS and TEOS into PVA aqueous solution. The coupling agent GPTMS was introduced to increase the compatibility between the organic and inorganic phases, and thereby to inhibit the phase separation.
Results and Discussion
Effect of TEOS dosage on the mechanical properties of hybrid membranes Fig. 1 shows that the mechanical properties of hybrid membranes with different TEOS dosage. The tensile strength of PVA/SiO 2 generally increased with increase of TEOS, and the elongation at break slowly increased. On the whole, the tensile strength increased from 32.6 MPa to 42.3 MPa and the elongation at break increased from 73.9% to 75.1% while w(TEOS) increased from 0% to 20%. The above phenomena might result from the dispersion of nanosilica particles within the polymer matrix. However, the tensile strength will decrease when TEOS dosage is more than 20%. The excessive TEOS is disadvantageous to tensile strength improvement, which is because TEOS hydrolyzes immediately under acidic conditions. The TEOS addition results in harder structures containing SiO 2 , which causes an increase in the rigidity of the system. Further addition of TEOS led to an incomplete cross-linking system and agglomeration in PVA solution. And the hybrids became more brittle as expected. Fig. 2 shows that the mechanical properties of hybrid membranes with different GPTMS dosage. When the dosage of GPTMS was increased from 0% to 4%, elongation at break of PVA/SiO 2 hybrids membranes increased from 73.93% to 75.12%; when it was more than 4%, elongation at break was decreased. Tensile strength of hybrids increased with the increase of GPTMS dosage, and the maximum of tensile strength at about 7%. Appropriate dosage of GPTMS added was expected to increase the miscibility of the polymer and SiO 2 , while over addition of GPTMS would lead to the overabundant bridge bonds formed between the inorganic and the organic materials, the increase of the brittleness and then the decrease of the physical mechanical properties of the hybrids. 
Effect of GPTMS dosage on the mechanical properties of hybrid membranes

Effect of pH on the mechanical properties of hybrid membranes
Tab. 1 shows the effect of the mechanical properties of PVA/SiO 2 membranes with different pH value.
Many factors such as water/silica ratio, catalyst, temperature and the solvent influence the hydrolysis and condensation reaction. Hybrids prepared at pH=3 were very brittle while at pH=7 were flexible. When the pH value was too high, the TEOS and GPTMS cannot completely hydrolyze and condense and then cannot achieve uniformity and densification of cross-linking network. Nevertheless when pH value was too low, the hydrolysis and condensation reactions was too quick, and finally SiO 2 particles would agglomerate in PVA matrix. and Q 4 structure units in Fig. 5 . The Q 3 and Q 4 species were formed during the hydrolysis of alkoxy groups in tetraethoxysilane, and the T 3 resonance reveals that a chemical bond was formed between the GPTMS and silica components. These data clearly showed that the GPTMS was grafted onto SiO 2 via Si-O-Si bonds.
Tab
Surface analysis of PVA/SiO 2 hybrid membranes
The morphological image of hybrid membrane was studied by SEM. Fig. 6 showed the surface analysis of the air-film interface of hybrid film and Tab. 2 indicated the element content of the air-film interface of PVA/SiO 2 hybrid film. All hybrids prepared were transparent. As shown in Fig. 6(a) the surface of hybrid membrane was flat and clear. Silica element can be observed directly in Fig. 6(b) , which also confirmed Si element had been introduced into the chain of PVA. The silica content in the air-film interface was 1.28% lower than the average (~3%), which indicated that SiO 2 particles was neither agglomerate nor exposed to the surface of the film. 
TEM images and particle size
TEM and DLS were used to observe the dispersion of silica nanoparticles in PVA matrix.
As shown in Fig.7 , the silica nanoparticles dispersed well in PVA solution because the interaction of PVA chain and SiO 2 with chemical bonds, which made nanoparticles hard to agglomeration. At the same time, silica nanoparticles and PVA matrix were well compatible, which resulted in the profound enhancement of nanocomposite properties in low concentration. Fig. 8 showed the particle size distributions of PVA/SiO 2 hybrids. As seen from Fig. 8 the size of silica nanoparticles dispersed in PVA solution remained about 58nm and its particle size distribution was very narrow, the polydispersity index (PDI) is 0.081. 
Conclusions
The PVA/SiO 2 hybrid membranes were prepared by sol-gel method using TEOS and GPTMS as mixed precursors. The results showed that: (1) the addition of GPTMS significantly promoted the compatibility between the organic phase and inorganic phase, and the appropriate amount of GPTMS led to the nanoscale, well-dispersed silica particles during the sol-gel progress and the enhancement of the mechanical properties of hybrids; (2) the structure of PVA/SiO 2 was characterized by 29 Si CP/MAS Solid-state NMR, and the results indicated GPTMS acted as a bridge between PVA and the hydrolysis of TEOS; (3) TEM and DLS indicated silica nanoparticles well and regularly dispersed in PVA, and SEM and EDS indicated the hybrid membranes were flat without silica particle agglomeration.
Experimental
Materials
Poly(vinyl alcohol)(PVA) (degree of polymerization1,700 and hydrolysis: 99%, respectively), was purchased from New West Lanzhou Vinylon Co., Ltd (Lanzhou, China), tetraethoxysilane(TEOS) was purchased from Changshu Zhongjie Chenical Co.,Ltd (Changchun China), γ-glycidyloxypropyltrimethoxysilane(GPTMS) was purchased from Nanjing Crompton Shuguang Organsilicon Specialites Group Co., Ltd.(Nangjing China), and acetic acid (CH 3 COOH) was purchased from Chengdu Chengguang Chemical Co., Ltd.(Chengdu, China). All the chemicals were of analytical grade and used without further purification.
Preparation of hybrids
PVA was dissolved in water at 90 degree to make a homogeneous PVA solution (10wt.%). The hot solution was filtered, and its pH value was adjusted by CH 3 COOH and a known amount of TEOS and GPTMS were then added to the filtered solution. The solution was stirred for 12 h at 30 0 C and the resulting homogeneous solution was cast onto a level polytetrafluoroethylene (PTFE) templates. The membranes were allowed to dry at room temperature for 3-4 days, at 50 degree for another 12 h, and finally were kept in a desicator to avoid moisture. Tab.3 is a typical recipe used in preparation PVA/SiO 2 hybrids. -Measurement of elongation at break Elongation at break was measured during the measure of tensile strength. When the specimen was extended, the distance between the two standard lines was recorded.
X= (L 1 -L)/L×100%
X is the elongation at break (%), L 1 is the distance between the midline of specimen at break (mm) and L is the distance between the midline of former samples (mm).
29
Si Solid-state NMR spectra
Si Solid-state NMR spectra of the solid-state PVA/SiO 2 hybrids membranes was determined using the cross polarzation combined with magic angel spinning (CP/MAS) technique. 29 Si sites will be labelled with the conventional T n and Q n notations. T n refers to trifunctional Si(OEt) 3 units and Q n to tetrafunctional Si(OEt) 4 units, n is the number of bridging O atoms surrounding one Si.
C CP/MAS Solid-state NMR spectrum
The 13 C Solid-state NMR spectra of the solid-state PVA/SiO 2 hybrids membranes was determined using the cross polarzation combined with magic angel spinning (CP/MAS) technique.
Dynamic Light Scattering (DLS)
The particle size and its distribution of the synthesized solutions were measured by Nano-ZS particle sizer (Malvern Instruments Company, UK). Samples were diluted with distilled water into an appropriate concentration as indicated by the instrument.
Transmission electron microscopy (TEM)
Transmission electron microscopy (TEM) micrographs of the PVA/SiO 2 particles were taken with H-600 transmission electron microscope (Hitachi Company, Japan) with an acceleration voltage of 200kV. The samples were stained with 2% phosphotungstic acid (PTA) solution.
Morphology and composition of the hybrid membranes
Morphology and composition of the hybrid membranes were characterized using JSM-6460 scanning electron microscope (Jeol,Japan) equipped with energy dispersive spectrometry (EDS) (Oxford Instruments.UK). Samples were gold coated and observed with an accelerating voltage of 20 Kv.
